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Summary: A rapid and robust increase in SARS-COV-2 anti-S2 subunit IgG antibodies
after infection is highly associated with disease severity. This is likely due to pre-
existing cross-reactive humoral immunity against human S-coronaviruses OC43 and

HKU1, leading to early, non-neutralizing 1gG production



ABSTRACT

Background: A protective SARS-COV-2 (SARS2) antibody response is crucial to
decrease morbidity and mortality from severe COVID-19 disease and for vaccine efficacy.
The effects of pre-existing anti-human coronavirus (HCoV) antibodies on the SARS2-
specific IgG responsesand severity of disease are currently unclear.

Methods: We profiled anti-spike (S), S1, S2, RBD IgG antibodies against SARS2 and
six HCoVs using a multiplex assay (mMPLEX-CoV) with serum samples from SARS2
infection (155patients) and pre-COVID-19 (188 subjects) cohorts.

Results: Anti-S SARS2 IgG levels were significantly increased and highly correlated
with 1gG antibodies that recognized OC43 and HKU1 S proteins in. COVID-19 patients.
However, OC43 and HKU1 anti-S antibodies in sera collected pre-COVID-19 did not
cross-react to SARS2 S. Moreover, these ’uni-directional” cross-reactive antibodies
elicited by the SARS2 infection were distinct from the ”bi-directional” cross-reactive
antibodies that recognized the homologous antigen strains, RaTG13 and SARS-CoV-1
(SARS1). Notably, high OC43 and anti-S2 antibodies were associated with a rapid and
robust anti-SARS2 antibody response andincreased disease severity. In addition, a higher
ratio of S2/S1-reactive antibodies developedover time in severe ICU patients.

Conclusions: Our study suggested that early and rapid OC43 S- and S2-reactive

antibodiesemerging after SARS2 infection may correlate with COVID-19 disease severity.

Keywords: SARS-CoV-2, common cold human coronaviruses (HCoVs), cross-reactive

antibody response, immune imprinting



INTRODUCTION

Infection with the human coronavirus (HCoV) SARS-CoV-2 (SARS2) can cause
coronavirus disease (COVID-19). Most infected individuals have only mild symptoms, but
some quickly develop severe pneumonia associated with high mortality[1, 2]. At the time of
this study, COVID-19 has caused over 200 million known infections and over 4.5 million
deaths worldwide[3]. Thus, understanding immunity to HCoVs is critical to developing
vaccine strategies and therapeutic approaches.

SARS-CoV-2 belongs to the zoonotic coronaviridae family[4]. The HCoVs include
SARS- CoV-1 (SARS1) and the Middle Eastern Respiratory Syndrome (MERS) virus,
which is both 8- HCoVs and can cause severe acute respiratory syndrome (SARS). Four
common HCoVs in two classes, 8 (OC43, HKU1) and a (229E, NL63) [5], circulate in the
human population, causing 30% of mild upper respiratory infections [6, 7]. Although HCoV
infections occur throughout life, antibody seroconversion rates vary greatly by age and
geography[6, 8-10].

The immunodominant antigens' for HCaoVs include the nucleocapsid (N) and the
homotrimeric glycoprotein spike (S) viral protein antigens [4]. HCoVs share S- and N-
protein sequence homologies and antibodies against HCoV S- and N-proteins are found
in varying frequencies across all age groups [6, 7]. The SARS2 S-protein has a receptor-
binding domain (RBD).on the N-terminal S1 subunit, which mediates viral binding via
high-affinity interaction with the host cell surface angiotensin-converting enzyme 2
(ACE2). In contrast, the S2 subunit is responsible for virus-cell membrane fusion [11] and
displays more sequence homology between HCoV strains than the S1 subunit (Fig 1A)
[12, 13].

Several studies suggest an association between anti-SARS2-S IgG levels and COVID-
19 disease severity [14] [1, 2] [15], raising concerns that some patterns of humoral
immunity may be associated with increased morbidity and mortality during infection [16].

Less clear is the contribution of cross-reactive antibody responses to common HCoVs in



the time course and severity of initial COVID-19 disease. OC43 anti-S 1gG levels correlate
with an increase in both SARS2-specific 1gG levels and disease severity in acutely ill
COVID-19 patients [17]. In contrast, others report that immune imprinting to conserved
HCoV epitopes is negatively correlated with the induction of IgG and IgM against the
SARS2 S protein [18], and that primary SARS2 specific anti-S antibody responses in

acutely ill patients target homologous epitopes on the S2 segment [14, 19, 20].

The goal of this study was to better understand the effect of pre-existing HCoV-
reactive 1gG antibodies on the development of humoral immune responses to, and the
pathogenesis of, SARS2 infection. Specifically, we tested the hypothesis that pre-existing
anti-OC43 S proteinand anti-SARS2 S2 segment IgG correlated with the severity of illness
in hospitalized patients, as measured by Sequential Organ Failure Assessment (SOFA)
scores [21]. To this end, we pro-filed anti-S and -N IgG levels against multiple HCoVs in
sera from pre-COVID-19 and acute COVID-19 cohorts using a Luminex-based multiplex
assay [22]. We describe high seroconversion rates of 8-HCoVs OC43 and HKU1 anti-S
antibodies in the pre-COVID era cohort and evidence to support a potential role for

immune imprinting in de novo SARS-CoV-2 antibody responses.

METHODS

Human subjects protection

The collection of pre-COVID and COVID-19 infected subjects’ serum samples, and
secondary use of infant serum samples, were approved by the University of Rochester

Research Subjects Review Board (RSRB protocols 00004836 and 00058437).

Pre-COVID-19 era cohort

Serum samples (n=188) from before December 2019 were obtained. In addition to

healthy subjects (n-55), these included those that might create false positives for anti-



SARS?2 S reactivity. These include Serum samples (n=188) from before December 2019 that
were obtained. In addition to healthy subjects (n-55), these included those that might create
false positives for anti-SARS2 S reactivity. These included sera from subjects positive for
bacterial and viral infections (Lyme disease, syphilis, cytomegalovirus (CMV), Epstein-
Barr virus (EBV), respiratory syncytial virus (RSV), influenza, autoimmune disease markers
antinuclear antigen (ANA), and rheumatoid factor (RF) (Table 1). The SARS2, SARS1 anti-
S, and anti-N cut-off values were set at 3 standard deviations above the negative sample
mean, using serum samples from infants younger thanl2 months® old (n=16;
Supplementary Table 2).

COVID-19 Cohort

Serum samples were collected from 155 symptomatic subjects positive for SARS2
nucleic acid(Cobas SARS-CoV-2®, Roche Molecular Systems, Inc.) and SARS2 N protein
antibody (AbbotLaboratories ™ ARCHITECT™ test i2000SR platform [23]) from April to
June 2020. A total of 155 acute COVID-19 patients with 277 longitudinal serum samples
(Days from Symptom Onset (DFSO) <=42) were divided into four cohorts by illness severity
and mortality: (1) Outpatients that were never hospitalized (n=42); (2) in patients with
moderate disease (n=33); (3) an ICU group (n=57); and (4) a severe COVID-19 group
that died in-hospital (n=23). We quantified disease severity using the maximum daily
Sequential Organ Failure Assessment (SOFA) score for all hospitalized subjects. Subject
demographics were abstracted from the electronic medical record (Table 2). Serum
samples were stored at 4°C or -80°C until analysis.

Anti-HCoV IgG multiplex assay (mMPLEX-CoV)

We estimated the levels of IgG antibodies against S and N proteins of SARS2 and
other HCoVs using the (MPLEX-CoV) multiplex assay [22].]. In brief, we cloned and
expressed S proteins of SARS2, SARS-CoV-1, the homologous RaTG CoV (positive
control), MERS, and four seasonal HCoVs (OC43, HKU1, NL63, 229E) using a

baculovirus insect expression system (Supplementary Table S1), and commercial



proteins for SARS2 S1, S2, and RBD domains (Sino Biological). All proteins were coupled
to Luminex beads (xMAP® Antibody Coupling kit; Luminex, Austin, TX) at 40 mole/million
beads. Protein-coupled beads were incubated with 1:1000 diluted duplicate serum
samples. Bound IgG was detected with PE-conjugated anti-human IgG (Southern
Biotech, Birmingham, Al), and the median fluorescence intensity (MFI) was read on a

Luminex MagPix (Figure 1B).

To determine the sensitivity and specificity of the mPlex-CoV assay using ROC curves
for the SARS-CoV-2 anti-Spike (S) antibody with SARS2 N protein antibody Abbott™
ARCHITECTTM test as the gold standard. ROC curves were generated using the pre-
COVID and PCR positive COVID era cohort samples (Mathematica V12.0.0; Wolfram

Research, Inc, CA, USA).
Statistical methods

We estimated correlations between anti-HCoV and anti-SARS-CoV-2 IgG levels using
Pear- son correlation coefficients. For subjects with more than 2 longitudinal samples, we
used the mean IgG antibody MFI level of each HCoV strain. Immune repertoires of the
pre-COVID era and COVID-19 cohorts were visualized using multidimensional scaling
(MDS) analyses of anti-S and -N reactive anti-HCoV IgG levels [24]. Density plots of anti-
S and N IgG HCoV repertoires of the pre-COVID era and COVID-19 cohorts were
compared using the bootstrap method. Gen- generalized estimating equation (GEE)
models were used to compare anti-S IgG levels among COVID19 severity groups
(outpatients, inpatients, severe/ICU, death) grouped by sample days from symptom onset
(0-7, 8-14, 15+). Generalized linear mixed-effects models were used to evaluate the
association of maximum SOFA score with anti-S IgG levels. Statistical analyses were
conducted using SAS v9.4 (SAS Institute Inc., Cary, NC) and R (R core team, 2017), and

hypotheses tests were two-sided with p<0.05.



RESULTS

Pre-COVID-19 and COVID-19 cohorts

Pre-COVID-19 era cohort sera were collected from 188 subjects (mean age 49 years).
To assess for false-positive SARS-CoV-2 anti-S results, sera were selected from pre-
COVID era subjects with a history of other bacterial and viral infections (n=50), with
autoantibodies (ANA, RF; n=28), and healthy subjects with no serological diagnosis (n=55)
(Table 1). A positive result for SARS-CoV-2 IgG was set at 6 standard deviations above the
mean anti-SARS2 (1,975) or N (1,128) protein levels in the pre-COVID era cohort.
Consistent with our prior study, we foundno false-positive SARS2 anti-S or -N results [23].
The COVID-19 cohort included 277 serum samples from 155 subjects (age 6217 years)
with PCR-confirmed acute SARS2 infections diagnosed between April and June 2020
(Tables 1,2) [23]. Given the limitations of sample collection, subjects in the Outpatient
group did not have longitudinal samples. The cohorts were not fully matched, including
uneven disease distribution across age and risk factors, as well as limitations in pre-

COVID era sera availability.

Pre-COVID era sera contain high anti-S IgG levels against common human

coronaviruses (HCoVs)

To determine if HCoV antibody levels changed after acute SARS2 infection, we
measured anti- Sand anti-N 1gG levels in cohort sera against SARS2, SARS1, MERS,
0OC43, HKU1, 229E, NL63, and the RaTG bat coronavirus (Fig 1) [22, 25, 26]. Prior
studies have shown that >75% of children >2.5 years old are HCoV seropositive [8, 9, 27];
thus, we used sera from 2-3-year-old subjects (h=11) as negative controls to compare the
prevalence of HCoVs in the pre-COVID era cohort(Table S2). The adult pre-COVID era sera
demonstrated a high antibody prevalenceto the four common HCoVs (Fig 2C). Over 90%
of pre-COVID era subjects had anti-S IgG against OC43 (92.7%) and 229E (93.6%), but

less anti-N IgG against OC43 (53.2%) and 229E (16.8%) (Table S2), consistent with



previous reports [6, 8-10]. The mismatch between anti- S and anti-N IgG to HCoVs
suggests that most anti-S IgG developed from distant exposure. The above results
suggest that abundant anti-HCoV, but not SARS2, antibodies existed in the population
prior to the pandemic.

B HCoVs anti-S IgG antibody levels associated with SARS2 anti-S in COVID-19

patients

In the acute SARS?2 infected cohort, the profile of IgG levels against multiple HCoV
strains showed that the infection elicited anti-S IgG against SARS2, antigenically similar
CoV strains(RaTG, SARS1), and cross-reactive IgG against the 8-HCoV OC43 and HKU1
S-proteins. In contrast, SARS2 infection did not increase anti-S 1gG against genetically
dissimilar a-HCoV (229E, NL63; Figure 2 A, B). These results were visualized using
MDS (Fig S1B) [22, 25, 26, 28]. Pre-COVID-19«and COVID-19 cohorts could be
graphically distinguished by anti-S,but not by anti-N, IgG immune repertoire cartography.

As expected, SARS?2 infection did not change anti-N IgG levels against a- and 8-HCoVs.

Pre-COVID-19 era uni-directional cross-reactivity of OC43 and HKUL1 anti-S

IgG antibodies

SARS?2 infection significantly increased anti-S IgG levels against 8-HCoVs OC43 and
HKUZ1, but not against the a-HCoVs (229E, NL63; Fig 2B). Moreover, high levels of RaTG and
SARSI1- reactive anti-S antibodies were still detected in both a small number of pre-
COVID-19 era and a much larger number of post-COVID-19 subjects. These results
suggest that before SARS2infection, OC43 and HKU1 anti-S antibodies did not cross-react
with SARS2, RaTG, or SARS1 at detectable levels, despite their sequence homologies.
However, SARS2 infection resulted in high levels of anti-S IgG against SARS2, SARS1,
RaTG, and B-HCOVs, but not a-HCoVs. These results suggest that either SARS2
infection elicits anti-B-HCoV 1gG with low specificity and broad cross-reactivity, or high-

affinity 1gG against shared epitopes, which are immunodominant in SARS2 but not OC43 or



HKU1, and are shared by RaTG and SARS1.

Elevated OC43 and HKUL1 anti-S IgG levels were highly correlated with SARS2 anti-S
IgG levels in serum samples of COVID-19 patients (Fig S1A), demonstrating the same
conclusions (Fig 2C). If IgG antibodies cross-reacted with common epitopes across
HCoVs, we would expect bi-directional binding to both S-proteins. In contrast, we found
that while OC43 and HKU1anti-S IgG antibodies were present in sera from both cohorts,
pre-COVID-19 samples lacked reactivity against the SARS2 S protein (Fig 2A and B). We
refer to this as "uni-directional” reactivity, which is distinct from the cross-reactivity of the
sera from COVID-19 patients that bindboth SARS2 and OC43 [17, 29].

OC43 and HKU1 anti-S IgG levels correlate with the rapid increase in

SARS2 anti-S IgG in de novo infection

To understand the kinetics of SARS2, OC43, and HKU1l anti-S antibodies in acute
COVID-19 subjects, we measured the anti-S IgG repertoire profile against all HCoVs and
SARS?2 in samples binned by days from symptom onset (0-31 DFSO; n=54 subjects with
>2 longitudinal samples). SARS2 "anti-S IgG antibodies appeared in 42% (29/69) of
patients’ sera within 7 DFSO. Among them, 62% (18/29) of subjects’ SARS2 anti-S 1gG
levels peaked 8-14 DFSO (Fig 3A). Notably, serum samples from subjects with high SARS2
IgG levels also showed higher levels of OC43 anti-S antibody (Fig 3B). SARS2 anti-S IgG
seroconversion occurred within 1-2 weeks of infection for most subjects. OC43 and HKU1
anti-S antibodies showed a similar pattern but less statistical significance (Fig3 A).

To analyze the correlations between the HCoV and anti-S IgG levels in the rapid-
response subjects, we binned serum samples by DFSO and visualized subject antibody
profiles (Fig 3B). Within-subject analysis showed a high correlation between anti-B-HCoV
(OC43, HKU1) and anti-SARS2 spike IgG levels in all three time periods, which was not
seen with the a-HCoVs (Fig 3C). These results demonstrate that increased OC43
(R?=0.8184) and HKU1(R?=0.6926) anti-S IgG levels are highly correlated with the rapid

appearance of SARS-2 anti-S IgG duringearly infection (DFSO<7). This data supports the
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hypothesis that higher OC43 and HKU1 anti-S antibodies early in COVID-19 disease may
accelerate the anti-SARS2 S IgG response. After two weeks (DFS0O215), 95% of COVID-
19 subjects developed high IgG levels againstSARS2, OC43, and HKU1 S-proteins. Thus,
pre-existing IgG targeting OC43 and HKU1 may also influence the de novo antibody
response to SARS?2 infection.

Anti-OC43-S IgG levels correlate with COVID-19 severity

Accumulating data demonstrates that rapid and robust increases in SARS2 S-reactive
IgG correlate with disease severity and plasmablast expansion [2, 11, 15]. Broadly cross-
reactive anti-SARS2 antibody responses in more severe COVID-19 patients [29], and
higher OC43 anti-S antibody levels, are also associated with disease severity [17]. To our
knowledge, there is no published data demonstrating this correlation between SARS2 and

HCoV anti-S IgG levelsand SOFA scores, a standard measure of disease severity [21].

We first profiled the anti-S IgG antibodies against SARS2 and other HCoVs across
moderate to severe illness within the COVID-19 cohorts: out-patients (n=42), in-patients
(n=33), ICU (survivors, n=57), andthose who died (n=23). Each subject had 1-5 serum
samples availablewithin 42 days after infection, and all hospitalized subjects (inpatient, ICU,
death) had maximum SOFA scores for the sampling date (Table 2). Fig 4A shows the rapid
and robust rise of anti-SSARS2 IgG levels in the severe (ICU) versus moderate (in- and
out-patient) disease cohorts. Mean maximum SOFA score changes were associated with
a one-unit increase in subject IgG levels against HCoV spike proteins using linear mixed-
effects models (Table 3). Notably,changes in SARS2 (P=0.0112) and OC43 (P=0.0047)
anti-S IgG were highly associated withthe mean change in maximum SOFA scores on the
day of serum sampling. We also observeda delayed increase of anti-S SARS2 IgG levels in
the non-survivor group compared with severedisease survivors [15]. Notably, the dynamics
of OC43 anti-S IgG over the clinical course of the disease were very similar to S-reactive
SARS2 IgG, with a rapid rise in antibody levels in the surviving severe patients. The

weekly anti-S antibody level comparison results also showed that anti-S antibodies
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against OC43 and HKU1 were significantly higher in the severe survivorsthan moderate

patients (Fig 4B).
Rapidly elevated anti-spike S2-reactive IgG correlates with COVID- 19

severity

To further characterize cross-reactive anti-SARS2 S IgG, we evaluated binding to the
S1, S2,and RBD subunits. As expected, S1, S2, and RBD-reactive 1gG levels were highly
correlatedwith the development of anti-SARS2 1gG during acute SARS2 infection (Fig 2
and 3). Interestingly, we found a higher linear correlation between anti-S compared with
anti-S2 IgG levels (R?=0.9723) than with anti-S1 (R? =0.825). In addition, the dynamics of
IgG levels against the S1 and S2 subunits were very different. The trajectory of the S1
antibody was significantly higherin the severe disease (ICU) group with higher SOFA
scores compared to the mild disease in-patient group (P<0.05, trend testing within the
generalized estimating equation framework). However, the S2 antibody increased rapidly
in the severe group, leading to an increased S2/S11gG ratio (Fig 4C). The S2/S1 ratio
decreased over time in outpatients with mild symptoms but increased in the hospitalized
inpatients, including high SOFA score ICU patients (Fig 4D).Notably, a higher level of anti-
S IgG antibody against the S1 domain of SARS2 and other common cold HCoVs did not
correlate with illness severity. We could not detect a higher trajectoryof anti-S1 antibody in
the out-patient cohort in this study. This is an intriguing finding, which should be further

investigated by a future analysis with more longitudinal data.

DISCUSSION

We report a multi-dimensional analysis of pre-COVID-19 and COVID-19 era sera
using multi-plex analysis to profile S comprehensively- and N-reactive IgG against SARS2
and common HCoVs. We found a high prevalence of anti-S and -N IgG antibodies against

seasonal HCoVs in the pre-COVID era, without cross-reactive binding to SARS2 S and N
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proteins. This occurred despite moderate S-protein sequence homologies between
SARS2 and the B-HCoVs OC43 (74.9%) and HKU1 (75.7%) [30]. Consistent with recent
reports, we also found that SARS2 infection was associated with elevated anti-SARS2 S
IgG and correspondingly high IgG levels against OC43 and HKUL1 S proteins [15, 17, 18,
31]. This association was especially prominent in the first week after symptom onset,
suggesting that pre-existing B-HCoV immunity may contribute to the initial SARS2
antibody response. This uni-directional 1gG binding was distinct from the bi-directional
cross-reactivity after SARS2 infection. Post-COVID, there was strong serum reactivity
against RaTG13 and SARS1, which have 96.1% [4] and 81.2% homology, respectively,
with SARS2 [32]. Of note, during the first week of infection, increased S-HCoV and S2-
reactive 1gG highly correlated with SOFA scores, illness severity, andmortality [33-35].

Our analysis found a significant correlation between COVID-19 severity and the
kinetics of anti-S1 and anti-S2 IgG levels during acute infection. Early, elevated anti-S2
IgG levels were associated with higher SOFA scores and mortality. Several reports have
shown that pre-existing S2-specific memory B cells [14] and CD4* T cells [36-38] contribute
to an early immune response strongly biased towards the S2 domain. The high
prevalence of anti-S IgGagainst the similar OC43 and HKU1 B-HCoVs described here and by
others [39], suggests that imprinting may bias an early, non-neutralizing immune response
towards S2 epitopes. In contrast, the slower emergence of anti-S1 and anti-RBD IgG in
subjects with ‘higher SOFA scoresis consistent with the hypothesis that anti-S1 kinetics
reflect a primary antibody response. It also suggests that the lag in protective anti-RBD
IgG may contribute to increased COVID-19 disease severity. Whether imprinting against
S1 and RBD epitopes after vaccination reversesthis trend is yet to be determined. We
also found uni-directional anti-S IgG binding to -HCoV S proteins from OC43 and HKU1
in pre-COVID-19 era sera.

In contrast, COVID-19 sera had strong bi-directional reactivity against OC43, HKU1,

and SARS2 S proteins. The precise epitopes involved in high cross-reactivity with OC43
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and HKU1 B-HCoVs in the COVID-19 sera remain unclear. One possibility is the presence
of unique immunodominant epitopes on OC43 and HKU1 S proteins. Alternatively, low-
prevalence memory B cells recognizing conserved sub-immunodominant epitopes during
infection may produce HCoV cross-reactive antibodies, consistent with immune imprinting
[18], as described with influenza infection and vaccination [2, 11, 15, 40]. Infected and
vaccinated individuals acquire the ability to produce high-affinity specific antibodies against
novel epitopes from new virus strains [41]. Such cross-reactive anti-HCoV antibodies have
alsobeen isolated from the convalesced COVID-19 patients [29].

Relevant to both disease severity and population immunity, the above findings suggest
a role for immune imprinting in SARS-CoV-2 anti-S protein IgG responses. Elevated I1gG
antibodies against OC43 S and SARS2 S2 early (<7 days) in acute COVID-19 subjects
with high SOFA scores may be due to prior 8-HCoV immune imprinting of memory B cells.
Broadly cross-reactive antibodies recognizing both SARS2 and OC43 most likely
developed from rapidly expanding broadly memory B cells that recognize conserved
epitopes. Further study with both linear and spatial B-cell epitopes with cloned IgG from B
cells during acute infection is neededto better characterize the molecular basis of the

switch from uni- to bi-directional IgG binding.

Finally, this study provides direct evidence that pre-existing 8-HCoV S-reactive antibodies
are associated with the SARS2 specific antibody response, and the OC43 anti-S and
SARS2 anti-S2 antibodies highly correlate with the COVID-19 severity. One possible
mechanism for this finding is that anti-S2 1gG does not prevent receptor binding and viral
fusion, enabling higher viral loads. Alternatively, complement activation by anti-spike 1gG1
and 1gG3 could potentiate thrombosis via complement-dependent cytotoxicity (CDC) of
vascular endothelial cells [2, 42-45]. However, several caveats apply. First, while anti-RBD
antibodies have been shown to correlate with viral neutralization, we did not directly
measure neutralizing activity. In addition, sera were obtained for secondary analysis from

clinical samples and not a longitudinal series spanning from pre- to post-infection in single
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individuals. This may introduce a selection bias, where subjects with the most
longitudinal samples tended to be those with severe COVID-19, limiting our ability to
detect the significant impact of pre-existing OC43 antibodies in mild iliness. Similarly, while
we observed a trend of delayed development of SARS2 S-reactive IgG in the non-
survivor group [15, 31], we could not isolate the effects of OC43, and HKU1
antibodies have on specific antibody development. Future, prospective, longitudinalstudies

would help address some of these questions.

CONCLUSION

Our study suggests that a rapid and robust increase in anti-S2 subunit IgG antibodies
after SARS2 infection may be a marker of disease severity. This quick de novo response may
be due to immune imprinting of pre-existing B-HCoVs cross-reactive memory B cells or
plasmablasts,which may, in turn, lead to non-neutralizing IgG production. These findings
may impact future vaccine development strategies targeting new emerging SARS-CoV-2

variants.
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Table 1. The study cohorts.

Cohort N (Male/Female) Age (Mean/Median)

Pre-COVID Cytomegalovirus 10 (4/6) 52/55
Epstein-Barr(EB) virus 10 (4/6) 55/509
Respiratory syncytial virus (RSV) 10(6/4) 51/55
Lyme disease 10(2/8) 49/52
Syphilis 10(4/6) 43/55
Autoimmune disease (ANA) 19(9/10) 45/52
Autoimmune disease (RF) 9(5/4) 45/43
Acute viral respiratory illness 55(20/25) 48/62
Other b 55(22/23) 55/58
Total 188 (80/108) 49/52

CovID Out-Patients 42(19/23 68/70
In-Patients 33(19/14) 68/66
IcU 57(25/32) 67/67
Death 23(11/12) 74/67
Total 155(88/73) 68/67

Note: Each pre-COVID cohort subject had one sample

ANA (antinuclear antigen-positive sera)

RF (rheumatoid factor positive sera)

b Samples with no serological diagnosis
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Table 2. Demographics of COVID-19 cohort and subgroups of acute CoVID-19 patients.

Out-Patient In-patient ICU(Survivor) Death(Non-survivor) Total
Subjects (N) 42 33 57 23 155
Age (Mean/Median) 69/70 69/70 67/67 70/68
Male/Female 23/19 13/20 28/29 10/13
Max SOFA Score* 0 2.12+3.12 5.48+3.90 6.78+3.84
Median SOFA 0 1 5 7
Serum Sample (N) 47 45 162 23 277
DFSO=0-7 15 14 36 9 74
DFSO=8-14 12 7 42 2 63
DFSO >14 17 13 72 12 114
UNK 3 11 12 0 26

Note: Some COVID-19 cohort subjects have longitude samples, total serum samples number is 277
(n=277).

* Mean+STD
DFSO: Days From Symptom Onset (Days)

UNK: Samples without DFSO information
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Table 3. The correlation coefficients (r, Spearman correlation) and mean maximum SOFA score
changes associated with one unit increase in HCoV anti-S IgG within the COVID-19 cohort.

Spearman Correlation Max SOFA change

r P-value Mean P-value
SARS2-S 0.2249 0.0041 0.26 0.0112
0c43 0.2326 0.0030 0.40 0.0465
HKU1 0.2453 0.0017 0.33 0.1312
229E -0.0136 0.8644 -0.48 0.1268
MNL63 0.0663 0.4036 -0.07 0.7989
SARS2-S1 0.2679 0.0006 0.18 0.0504
SARS2-RBD 0.2415 0.0020 0.23 0.0777
SARS2-S2 0.2301 0.0033 0.27 0.0125
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